Purpose To compare the clinical outcomes and financial implications of the percutaneous endoscopic primary button gastrostomy (PEG-B) insertion using T-fastener technique with the percutaneous endoscopic gastrostomy tube insertion (PEG-T) using a push-pull technique. Methods Data were prospectively gathered on 122 patients undergoing gastrostomy insertion over a 3-year period (2016)(2017)(2018)(2019). Our primary outcome measure was the number of second general anaesthetics (GA) required in relation to the gastrostomy tube. Secondary outcome measures included complications and cost. Results Following exclusion criteria of lap assisted, concomitant procedure or insufficient data, 105 patients were analysed. Sixty-two (61%) PEG-B were inserted using a T-fastener technique. Forty-three (39%) PEG-T were inserted using a pushpull technique. Two (3.2%) patients with a PEG-B required a GA change or reinsertion of device compared with 31 (72%) of the PEG-T group who underwent a tube change under GA to either a button or a new tube in the study period (p < 0.01). The requirement for GA changes in the PEG-T group results in a considerably higher cost for this approach than the PEG-B approach. There was no difference between the number of peri-operative and post-operative complications between the two groups; however, the PEG-T group appeared to have higher rate of major operative complications (n = 3 bowel injuries). Whereas in the PEG-B group: complications were minor technical issues and displacement requiring replacement under fluoroscopy. In the follow-up period, rates of granulation tissue requiring intervention and stoma site infections were equivalent between groups. Conclusion The PEG-B technique of placing a gastrostomy avoids the need for a replacement of gastrostomy tube under GA and its associated risk of repeat GA and financial cost. Furthermore, the technique is potentially associated with fewer major complications. We conclude, therefore, that the PEG-B approach reduces the interventional and financial burden on the patient, their family, and the healthcare provider, and could be considered as a safe alternative for paediatric gastrostomy insertion.
Introduction
Gastrostomy tube placement is a commonly undertaken paediatric surgical procedure [1] . The percutaneous endoscopic gastrostomy tube (PEG-T) was first described nearly 4 decades ago [2] and has been adopted as the gold standard approach due to the reduction in morbidity associated with a large incision [1] . Concern over inadvertent intestinal perforation and/or enteric fistulae associated with the PEG technique [3] has led to an expansion in the number of methods for safe placement of gastrostomy tubes, with combinations of open, laparoscopic, and fluoroscopic techniques [4] . A further concern in children associated with the PEG technique is the need for repeated general anaesthetics (GA) to exchange the tube either with a new tube or a button device The percutaneous endoscopic primary button gastrostomy (PEG-B) approach attempts to address this [5] [6] [7] .
The aim of this study was to perform a comparative analysis of PEG-B and PEG-T approaches using a prospective database collated over a 3-year period. Our primary outcome measure was the number of second general anaesthetics required in relation to the gastrostomy tube. Secondary outcome measures included complications and cost. Our hypothesis was that there would be an increased number of anaesthetics required in the PEG T patient and an associated increased cost per patient. We expected no difference in complications between PEG-T and PEG B groups.
Methods
A prospectively collated data analysis was performed on all paediatric patients undergoing a gastrostomy insertion over a 3-year period (2016-2019) at a central London tertiary paediatric surgical centre. Exclusion criteria included patients undergoing any other planned procedure that was performed on the same anaesthetic, e.g., fundoplication/ laparoscopic-assisted gastrostomy due to previous abdominal surgery. The notes of these patients were reviewed to ensure accuracy of prospective data as well as establish modality of device changes and confirm demographics. Two surgical techniques were used for percutaneous endoscopic gastrostomy insertion. The type of procedure was decided through consultation with the patient/family and a clinical nurse specialist. The procedures reviewed were percutaneous endoscopic primary button gastrostomy insertion using a T-fastener technique (PEG-B) and percutaneous endoscopic gastrostomy tube insertion using a push-pull technique (PEG-T).
Operative technique
All initial procedures were performed under general anaesthesia as well as local anaesthesia around the stoma site and all patients received prophylactic intravenous co-amoxiclav (30 mg/kg) on induction. The PEG-T was carried out using a push-pull technique as originally described by Gauderer [2] (Fig. 1 ). The PEG-B was carried out as per manufacturer's instructions (MIC-KEY Introducer Kit (Kimberly-Clark Corp, Roswell, Georgia) and as previously described by Göthberg and Björnsson [5] (Fig. 2 ).
Our primary outcomes measure was the need for further general anaesthetic (GA) for gastrostomy tube change during the 3-year study period. Secondary outcome measures include peri-and early/late post-operative complications (Clavien-Dindo classification) [8] , including intestinal injury, displacement, stoma site infection [if recorded by clinical nurse specialist (CNS) or clinician], and granulation formation (if recorded by CNS or clinician). All data were prospectively recorded and subsequently compared between the groups. Statistical significance of any differences was determined with Student's t test and Chi-square test as appropriate with a level of significance set at p < 0.01. Financial costs were reviewed with our institution's purchasers and National Health Service (NHS) national-tariff payment system.
Fig. 1 PEG-T technique as originally described by Gauderer

Results
Demographics
A total of 122 patients underwent a gastrostomy insertion in the study period. Ten patients were excluded as laparoscopy was utilised for PEG placement due to previous abdominal surgery and seven were excluded as they were performed at a satellite centre and so insufficient data were collected. Of the remaining cases, 62 (61%) were inserted using a PEG-B technique and 43 (39%) were inserted using a PEG-T technique (Fig. 3 ).
The two groups were similar in composition: (16) 37.2% were female in the PEG-T group compared with 29 (46.7%) in the PEG-B group. Median age was 1.8 years (range 0.2-16.8) in the PEG-B group and 2.7 years (range 0.4-17.3) in the PEG-T group. All recorded differences were not statistically significant (p > 0.05). Similarly, the indications for the gastrostomy did not differ between groups (Table 1 ).
Outcomes
Peri-operative and early complication rates were low overall (n = 10, 11.4%) and marginally lower in the PEG-B group where 11.2% patients suffered peri-operative/early complications vs 11.6% in the PEG-T group, though this did not reach statistical significance. In the PEB-B group, there were two intra-operative misfiring of the T-fastener in the posterior stomach wall, but the fasteners were subsequently retrieved (Clavien-Dindo I). In 3 patients (4.8%), the gastrostomy buttons displaced soon after insertion, requiring replacement with fluoroscopy though not under GA (Clavien-Dindo IIIa) and two (3.2%) suffered a stoma site infection (Clavien-Dindo II) [8] . There were five peri-operative/ early complications in the PEG-T group (11.6%) and though this difference does not reach statistical significance; three were major (Clavien-Dindo IV) [8] complications (two colonic and one small bowel injury) requiring laparotomy. The remaining 2 (4.7%) were stoma site infections (Fig. 4) .
In the follow-up period, there were no significant difference in rates of granulation tissue that required specialist nurse treatment between the groups with 21 (33.9%) of PEG-B patients and 19 (44.2%) of PEG-T patients (Fig. 5) .
Replacement of the gastrostomy device required a GA significantly more frequently in the PEG-T group: 31 (72%) of the PEG-T patients underwent a tube change under GA to either a button or a new tube in the study period, as compared with 2 (3.2%) of PEG-B patients (p < 0.01) ( Fig. 6 ).
Financial cost
The NHS tariff (https ://impro vemen t.nhs.uk/resou rces/ natio nal-tarif f/#h2-20192 0-natio nal-tarif f-payme nt-syste m) for a paediatric endoscopic insertion of a gastrostomy tube is £1903. In addition to this, there are the standard equipment costs as well as the gastrostomy device itself. The MIC-KEY button ® costs substantially more at £541.90 (Button: £92.50 and insertion set £449.40) than the Corflo ® tube priced at £70. Examining the related costs attributed to each patient over the course of the study period aimed to capture any admissions and PEG changes. The cost of the PEG-T technique typically includes a further GA episode for the first replacement at 18 months to 2 years as compared to the cost of an outpatient appointment with a specialist nurse for the first replacement of a PEG-B (Table 2 ).
Discussion
The PEG-B approach has the potential advantage of a reduced number of general anaesthetics for the paediatric patient. The PEG T is mostly changed following a general anaesthetic. In our own institution, in an active attempt to reduce the GA burden on the child, we offer a practise of 'cut and drop' of the PEG-T in clinic if the child is > 13 kg. Despite this policy, we found a significant difference between tube and button groups with the latter having significantly fewer anaesthetics. This is supported in similar studies [5] [6] [7] . It is also important to consider the laparoscopic approach to placing a primary button, which, of course, also only requires one anaesthetic [3] . The authors view is that the laparoscopy is of particular use when approaching a patient with previous abdominal surgery; however, a primary button can be achieved safely using the described method without the need for laparoscopy when approaching the virgin abdomen.
Rates of complication in the PEG-T group appear consistent with the literature. A metanalysis of PEG-T studies quoted rates of major complications between 1 and 10% [9] , and more recent comparison found major complication rates of 4.5% in their PEG-T arm [10] . Our hypothesis was that both PEG-T and PEG-B groups would have similar complication rates, though this was not the case for intestinal perforation. This maybe explained by number of children examined, though this was felt to be appropriately powered for the recognised complication rate. Whilst statistical significance in the difference between complication rates was not achieved, the trend towards major complications in the PEG-T group compared with minor complications in the PEG-B cohort may warrant further investigation. Critics of the PEG-B have previously sited increasing complications due to the very nature of inserting a potential collapsible device as primary procedure [11, 12] . The absence of major complications in our PEG-B group in this study is reassuring. Other relatively recent papers looking at the safety of this technique back up this improvement in safety of the technique [6, 7] and found only minor complications, the rates of which in one study were very similar to results described in our cohort: granulation (23%) and dislodgement (1%) [6] . Neither group found significant difference in their comparison to the PEG-T approach [6] .
A rate of 3.2% T-fastener failure in the PEG-B group is comparable to the results of other publications who progressively reduced an initial rate of T-fastener failure from 17% down to 2% with increasing familiarity with the system [10] .
Cost constraints within the modern healthcare setting not only make clinical outcome essential but also financial appraisal a necessity. The cost of the PEG-T approach over a 3-year period per patient is 49% higher than the PEG-B approach, and given that 72% of the PEG-T group required GA replacement of tube, despite our cut and drop policy, this represents a significant cost pressure. A US study in 2015 also examined the financial aspect and found similar results to our own study where their use of PEG-T was 11% more expensive than a PEG-B approach [10] .
As with all studies of medium-to-long-term post-operative complications, there is likely to be some detection bias inherent to our study. Community managed complications that were not detected by this study are also to be considered, in particular the PEG-B group who need less hospital inpatient contact in the long term to manage their gastrostomy.
Conclusion
The T-fastener technique of placing a primary button gastrostomy appears to be associated with significantly reduced requirement for replacement/exchange of gastrostomy under GA. The primary T-fastener button also has equivalent rates of medium term healthcare intervention in the management of granulation tissue and clinically diagnosed infection at the stoma site, when compared to the traditional PEG-T approach. Our study demonstrates that the PEG-B technique is as safe as the PEG-T approach and further investigation may reveal significance in the trend towards fewer major complications in the PEG-B group, though this is difficult to explain theoretically. Furthermore, the total patient episode for the PEG-B approach is substantially cheaper for the healthcare provider. We conclude, therefore, that the PEG-B approach can reduce the interventional and financial burden on both the patient, their family and the healthcare provider, and could be considered as a safe alternative for paediatric gastrostomy insertion.
